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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a major health concern, listed in 
the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines as 
the fourth leading cause of death worldwide (GOLD, 2015). This condition presents 
a public health challenge, as it is both preventable and treatable if specific actions 
are taken and continuous education is given regarding the risk factors of the disease.
Patients with COPD make regular use of health services, partly because of a 
lack of understanding of their condition and partly because of an inability to cope 
with the condition. There are several pharmacological and non-pharmacological 
interventions available to help alleviate COPD symptoms. The latter includes 
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Abstract
Background/Aims Pulmonary rehabilitation is known to facilitate improvements in 
chronic obstructive pulmonary disease symptoms, exercise tolerance and quality 
of life. Despite this, there is no consensus on the ideal programme intensity. This 
article aims to explore and compare the benefits of a high intensity and low intensity 
pulmonary rehabilitation programme.
Methods A total of 30 patients with a diagnosis of chronic obstructive pulmonary 
disease were randomly and blindly allocated to either a high intensity or low intensity 
12-week pulmonary rehabilitation programme.
Results Significant improvements in functional and health-related quality of life 
measures were obtained in both groups. Most of the significant changes for the high 
intensity group were achieved by week 8. The low intensity group required a further 
4 weeks of rehabilitation in order to reach a significant difference.
Conclusions Results show that both low and high intensity pulmonary rehabilitation 
programmes were beneficial. However, the high intensity programme was more 
efficient in achieving these improvements than the low intensity group.
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pulmonary rehabilitation, which provides a number of benefits including improvements 
in exercise capacity, dyspnoea (difficult or laboured breathing) and health-related 
quality of life.
Intensity of pulmonary rehabilitation programmes
High intensity
Although several studies have demonstrated the benefits of pulmonary rehabilitation 
in COPD, a consensus on the ideal intensity of the programme has not been reached. 
The British Thoracic Society (BTS) guidelines (Bolton et al, 2013) suggest that 
pulmonary rehabilitation programmes should be of a moderate intensity (60%) 
in order to be considered safe, with patients reaching a minimum of 70% of their 
maximum heart rate (Scottish Intercollegiate Guidelines Network, 2002). However, 
as these guidelines note, no specific intensities have been adequately researched 
for this patient group. A 12-week high intensity pulmonary rehabilitation exercise 
programme by Sciriha et al (2013) reported statistically significant improvements 
in functional and health-related quality of life measures among COPD patients. 
Meanwhile, Troosters et al (2010) found that high intensity pulmonary rehabilitation 
produced maximal physiological effects. This study also observed that if the patient 
is capable of exceeding 60% of peak exercise intensity, they will obtain additional 
benefits such as decreased dyspnoea, improvement in health-related quality of life, 
and improved exercise tolerance and capacity. Other authors have discussed (Hsieh 
et al, 2007; Varga et al, 2007) and supported (Andrianopoulos et al, 2014) these 
findings, reporting that a high intensity pulmonary rehabilitation intervention resulted 
in greater physiological benefits in functional capacity, muscular strength, aerobic 
fitness, respiratory muscle function and exercise efficiency.
Low intensity
Despite these claims, other researchers have suggested that low intensity pulmonary 
rehabilitation programmes are important for patients who cannot achieve the target 
intensity because of the severity of the limitations associated with their condition 
(Casaburi et al, 1991, 2009; Probst et al, 2011; Takahashi et al, 2011; Baumann 
et al, 2012; Kawagoshi et al, 2015). These authors have suggested that low intensity 
pulmonary rehabilitation programmes can prevent symptoms triggered by a high 
intensity pulmonary rehabilitation intervention. In fact, various studies (Baumann 
et al, 2012; Gloeckl et al, 2013) have highlighted the fact that most COPD patients 
cannot tolerate high intensity exercise because it exacerbates symptoms such as 
dyspnoea and fatigue.
However, a common limitation of these studies was the lack of a comparison group. 
The majority of studies have explored high intensity outcomes, but research into the 
effects of low intensity pulmonary rehabilitation programmes – in which participants 
reach 35% and 59% of their maximum heart rate (Fletcher et al, 2001) – are scarce. 
An exception is the landmark study by Casaburi et al (1991, 2009), which recorded 
the physiological benefits of both high and low intensity exercise in COPD patients, 
albeit the benefits were more pronounced in the high intensity cohort. Most of the 
interventions explored in that study were long term, ranging from 26 weeks to 1 year. 
Therefore, a number of participants withdrew from the programmes because of the 
length of the intervention. Probst et al (2011) also looked into the effects of low and 
high intensity pulmonary rehabilitation programmes that prescribed exercise three 
times a week for 3 months. No significant changes in pulmonary function measures, 
exercise tolerance or dyspnoea scores were reported for either group. A significant 
improvement (P=0.01) in health-related quality of life over time was identified in both 
the high and low intensity groups, yet there was no significant difference (P=0.37) 
between the two groups.
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Optimal level of intensity
Because of this largely inconclusive evidence, several authors (Puhan et al, 2005; 
Singh et al, 2013) and leading respiratory associations, including the American 
Association of Cardiovascular and pulmonary Rehabilitation (Garvey et al, 2016), 
the American Thoracic Society and the European Respiratory Society (Celli et al, 
2015), have highlighted the need for research to determine the optimal level of 
intensity for effective pulmonary rehabilitation. Through this, these interventions 
will be able to achieve maximum benefits for COPD patients.
AIM
The present study aims to contribute to research by exploring and comparing 
the benefits obtained from a high and low intensity 12-week pulmonary 
rehabilitation programme.
METHOD
This study investigates the outcomes of a low and high intensity 12-week pulmonary 
rehabilitation programme delivered to patients diagnosed with COPD in Malta. 
A longitudinal, observational study was carried out. Data was recorded at four 
time points: baseline (week 0), week 4, week 8 and week 12 of the pulmonary 
rehabilitation programme.
Ethical considerations
Informed consent was requested and the possibility to withdrawal from the programme 
was allowed, if the participants so requested. All data collected from the participants 
were coded to ensure patient confidentiality and a level of anonymity, and the 
information collected was used only for the purposes of this study. Ethical approval 
was obtained from the University of Malta Ethics Board (067/2017).
Participants
A total of 30 participants with a confirmed diagnosis of COPD were referred from 
the medical wards and respiratory outpatient clinic of the only local state-owned 
general hospital in Malta. This hospital is, in practice, the major centre of care 
on the island. The inclusion criteria included oxygen saturation of >92% at rest, 
willingness to participate in the rehabilitation classes, a stable cardiovascular system 
and no neurological or orthopaedic problems that could interfere with rehabilitation. 
Participants who required modifications to their drug therapy because of exacerbations 
in their conditions were excluded from the study.
For the purposes of the study, the definition of COPD provided by the American 
Thoracic Society/European Respiratory Society Guidelines (Celli et al, 2004) was 
adopted. Participants had a self-reported smoking history, spirometry readings 
consistent with COPD and exertional dyspnoea (using the modified Medical Research 
Council [mMRC], Kim et al, 2013) at grade 2 or above), plus the clinical symptoms 
of the condition. 
Selected participants were all found to be medically stable by a respiratory 
doctor, and pharmacological treatment was assured to be optimal, ensuring that 
all patients were receiving and taking the required medications as directed by their 
doctors’ guidelines. This remained consistent throughout the pulmonary rehabilitation 
programme. The participant group totalled at 28 male and 2 female patients, who were 
randomly and blindly sorted into two equal groups by a physiotherapist unrelated 
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to the pulmonary rehabilitation service. One group was enrolled into the high 
intensity programme, while the other was enrolled into a low intensity pulmonary 
rehabilitation programme.
Table 1 presents the baseline characteristics of participants. It should be noted that 
there were no significant differences between the participants in the high and low 
intensity group for any measure except for the 6-Minute Walk Test (6MWT), the 
findings of which must be treated with some caution in view of the fact that some 
statistical variation was noted at the start of the programme in this outcome despite 
this having been noted not to have influenced the end results.
Table 1. Baseline characteristics of patients in the low and high intensity pulmonary 
rehabilitation groups
Baseline measures P value
Low intensity (mean ± SD) High intensity (mean ± SD)
Male/female 15/0 13/2
Age (years) 70.73 ± 4.67 69.4 ± 7.69 0.571
Height (cm) 165.93 ± 6.53 164.4 ± 7.39 0.552
Weight (kg) 76.47 ± 13.45 76.20 ± 12.28 0.955
mMRC 2.93 ± 0.09 2.73 ± 0.46 0.445
FEV1 (Litre) 1.31 ± 0.57 1.34 ± 0.56 0.885
FEV1 (% predicted) 49.53 ±19.78 52.73 + 17.31 0.641
FVC (Litre) 2.64 ± 0.52 2.68 ± 0.64 0.858
FVC (% predicted) 77.07 ± 14.02 83.40 ± 18.72 0.303
FEV1/FVC (%) 48.63 ± 14.94 49.72 ± 15.18 0.845
6MWT (minutes) 325.67 ± 84.37 399.33 ± 69.23 0.014
SQRQ (total) 38.66 ± 38.66 34.05 ± 14.70 0.362
SD: standard deviation; mMRC: Modified Medical Research Council Score; FEV1: Functional 
Expiratory Volume in 1 second; FVC: Functional Vital Capacity; FEV1/FVC: Ratio of the Forced 
Expiratory Volume to the Functional Vital Capacity; 6MWT: 6-Minute Walk Test; SQRQ: St. George’s 
Respiratory Questionnaire
Measurements
Patients were assessed 2 weeks before enrolling into the programme and then at 
4-weekly intervals throughout the intervention. The following tools were used: 
spirometry, the 6-Minute Walk Test, the Borg Scale of Perceived Exertion (Borg, 1982) 
and the St George’s Respiratory Questionnaire (Jones et al, 1991). Each participant 
was also classified according to the mMRC dyspnoea scale, placing them into five 
categories (0–4) according to self-perceived breathlessness during daily activities 
(Jones et al, 2013).
Spirometry
Spirometry tests were used to assess lung function to see how much air was inhaled, 
exhaled and the speed of exhalation. The tests were carried out in the Pulmonary 
Function Laboratory at this general hospital by qualified technicians working there. 
The spirometry machine used to carry out these tests was the Spirometry PC software 
V2.2.4994.11.706 of Carefusion, by Micro Medical Limited. In order to ensure 
reliability of the results, the machine was calibrated periodically by the staff at this 
laboratory, using a 3-litre syringe.
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6-Minute Walk Test
The 6MWT was performed according to the American Thoracic Society guidelines 
(ATS Committee on Proficiency Standards for Clinical Pulmonary Function 
Laboratories, 2002). Each patient was instructed to walk as rapidly as possible along 
a 30-metre corridor for 6 minutes. The test was repeated twice, with an interval of 
30 minutes between repetitions. The longest distance covered by each participant 
on the 6MWT, plus their oxygen saturation, were used to measure exercise capacity.
Borg Scale of Perceived Exertion
Dyspnoea was scored using the Borg Scale of Perceived Exertion (Borg, 1982) to 
measure symptoms during exercise before and after the test. Each patient had a 
copy of the modified Borg scale, which is a vertical scale labelled from 0 to 10 with 
equivalent verbal statements relating to the progressive increase in the dyspnoea 
sensation intensity. Patients were instructed to state the number on the Borg scale 
that represents the intensity of their breathlessness at that particular point in time. 
Before the start of the test, each patient was instructed to give a rate on this scale 
related to the effort to breathe and not associated to any other sensation experienced. 
Using this scale from 0–10, the 10 represents the worst degree of breathlessness 
experienced by the patient at that particular point in time. The value of 0 represents 
no sensation of dyspnoea.
St. George’s Respiratory Questionnaire
The St. George’s Respiratory Questionnaire is widely used because of its specificity to 
respiratory diseases (Sciriha et al, 2017). This questionnaire consists of 50 items and 
is separated into three parts: symptoms (distress because of respiratory symptoms), 
activities (impairment of mobility or physical activity) and impact (psychosocial effects 
of the disease). The scores range from 0 to l00 for the three subscales, with a summary 
total score. Higher scores indicate worse health status (Jones et al, 1992). The St. 
George’s Respiratory Questionnaire has been shown to have an adequate inter-rater 
reliability and reproducibility, as well as the ability to quantify change over time.
Intervention
A multidisciplinary pulmonary rehabilitation programme was delivered twice 
weekly for 12 weeks. Each class lasted for 2 hours, with the first hour consisting 
of exercises, followed by educational sessions covering various aspects of COPD 
care and self-management. These educational sessions were provided by medical 
doctors, pharmacists, physiotherapists, dieticians and respiratory nurses. They 
covered the following topics: pathophysiology of COPD; coping strategies for a 
chronic respiratory condition; the role and correct use of medications and vaccines; 
breathing techniques, breathing control and methods of managing breathlessness; 
the importance of exercising and nutritional intake; and the importance of lung 
function testing.
The high intensity exercise class consisted of a 5-minute warm-up session, 
followed by walking on a treadmill, the speed of which was devised from the 
6MWT, with the time of the walking session gradually increasing throughout the 
weeks, step-climbing, arm ergometry, cycling using a stationary bike and strength 
training for the upper and lower limbs using weights.
The low intensity group had a 1-hour exercise session, in which they reached 
between 35% and 59% of their maximum heart rate (Fletcher et al, 2001). These 
exercises involved stretches for the neck, upper limbs, trunk and lower limbs, 
followed by repetitive active movements (10 repetitions on each side) for each of 
these areas. Strengthening exercises were also included, ranging from upper limb 
isometric 6-second holds to exercises using free weights of 1–2 kg with 10 repetitions 
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each. For the lower limbs, knee extensions, calf raises and mini-squats with a 6-second 
isometric hold were performed for 10 repetitions. Some endurance exercises were 
included, consisting of walking up and down steps, chair walking, marching on the 
spot and star excursions (where a star shape is on the floor and a person stands in the 
centre of the star on one foot and taps each line of the star with their other foot) for the 
duration of 2 minutes. These exercises followed protocols that were used in previous 
studies (Takahashi et al, 2011; Baumann et al, 2012).
Inspiratory muscle training was carried out using the Respironics Inspiratory Muscle 
Training Threshold trainer for 15 minutes during the class in both groups. Resistance 
was altered depending on the rating of breathlessness and the maximal heart rate was 
kept level at 70%. All participants were asked to perform these exercises 5 days a 
week at home for 30 minutes, on top of the individualised home exercise programme 
recommended for patients to perform, which consisted of exercises similar to those 
undertaken during the classes. Each participant was encouraged to perform at least 
20 minutes of these exercises a day and to monitor them using a home diary system 
provided at the start of the programme.
Statistical analysis
Statistical analysis was carried out using Statistical Package for Social Science (SPSS) 
software version 24. Baseline characteristics and exercise data are presented as mean 
± standard deviation. Differences in the outcome measures over time were compared 
using repeat measures analysis of variance. When a significant difference was identified, 
post-hoc Bonferroni tests were computed. Differences in outcome measures at the 12th 
week between the low and high intensity groups were measured using the one-way 
analysis of variance test. The mean difference and 95% confidence interval (CI) are 
presented where relevant. A P value of ≤0.05 was considered statistically significant 
for this study.
RESULTS
All 30 patients recruited for this study completed the full programme. Significant 
improvements in several of the outcome measures were detected for participants in 
both the low and the high exercise intensity programmes and are presented in the 
following sections.
Functional measures
6MWT
A significant improvement over time in the 6MWT was identified for participants in 
both the high and low intensity groups. However, the percentage change from baseline 
was higher in the high intensity group, which registered a 26% change in walking 
distance, compared to a 19% change in the low intensity group (Figure 1).
A significant improvement was identified in the low intensity group in the first 4 weeks 
of rehabilitation from baseline (P=0.032) and in the last 4 weeks (P<0.001). The high 
intensity group obtained a highly significant improvement when compared to the baseline 
in the 6MWT during the first 4 weeks of the pulmonary rehabilitation programme.
Metabolic equivalent values
Figure 2 presents data for changes in metabolic equivalent values over time 
for participants in the high and low intensity exercise programmes. Significant 
improvements in the metabolic equivalent values were observed in both the high 
(P=0.001) and low intensity (P<0.001) training groups on completion of the pulmonary 
rehabilitation programme.
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Findings from the post hoc analyses indicated significant improvements in the 
first 4 weeks for both groups and at 8 weeks for the high intensity group. The low 
intensity group then demonstrated statistically significant changes in the final 4 weeks 
of the programme (P=0.001).
Dyspnoea scores
No significant improvements were obtained in dyspnoea scores post-exertion for 
the high intensity group over the 12-week programme (Figure 3). However, the low 
intensity exercise group had statistically significant improvements (mean dyspnoea 
score of 0.10 (SD=0.28) P<0.001) by the 12th week when compared to baseline 
measures. Significant improvements were reported during the first 4 weeks (P=0.029), 
which corresponds with improvements in the 6MWD during this period, and again 
in the final 4 weeks (P=0.031)
Low and high metabolic equivalent measure
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Figure 2. Changes for metabolic equivalent values for both the high and low 
intensity group of participants
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Figure 1. Changes in the 6-Minute Walk Test over the 12 -week programme for 
both intensity groups (points of significance are highlighted in between the 
time points)
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.St. George’s Respiratory Questionnaire
The health-related quality of life of participants as assessed by the St. George’s 
Respiratory Questionnaire, showed improvements for both groups throughout the 
12-week pulmonary rehabilitation programme. For the total domain, it was the high 
intensity group that resulted in a significant improvement of score from baseline to the 
12th week (P=0.018) (Figure 4) and also in the impact domain (P=0.025) (Figure 5). 
Post hoc analysis using Bonferroni measures resulted in a statistically significant 
improvement (P=0.005) in the impact domain between the 8th and 12th week.
DISCUSSION
The aspect of care in COPD patients discussed in this study is still debated in treatment 
guidelines. Results revealed significant improvements in functional and health-related 
quality of life  measures in both high and low intensity exercise groups. However, it 
Low and high groups: Borg Scale after measure
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Figure 3. Changes in dyspnoea scores post-exertion for the low and high 
exercise intensity groups
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Figure 4. Changes in health-related quality of life for the 12-week pulmonary 
rehabilitation programme for both intensity groups
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should be noted that participants in the low intensity group required the full 12-week 
programme to obtain such significant improvements, whereas participants in the high 
intensity group usually obtained these results in a maximum of 8 weeks.
Statistically significant improvements in exercise tolerance (as assessed through the 
6MWT) were identified in both groups on completion of the pulmonary rehabilitation 
programme. However, the high intensity group showed a greater percentage change 
in the 6MWT from baseline to the 12th week time point (Figure 1) than the low 
intensity group. Furthermore, by the 4th week, the high intensity group had achieved 
a more significant change on the 6MWT than the low intensity group.
Improvements in exercise tolerance
Improvements in exercise tolerance were also noted throughout the 12-week pulmonary 
rehabilitation programme in both the low and high intensity pulmonary rehabilitation 
groups. However the low intensity group experienced a gradual improvement, with 
statistically significant improvements noted at the 4th and 12th week, whereas the high 
intensity group had achieved a more significant change on the 6MWT by the 4th week. 
This contrasts with the findings of Rejbi et al (2010), who noted a plateau in 6MWT 
improvements after the 8th week of high intensity pulmonary rehabilitation because 
of oxidative damage induced by exercise. The high intensity group in the present 
study, meanwhile, experienced continuous improvements throughout the 12-week 
time frame, which could explain their greater improvements in exercise tolerance. 
Rejbi et al (2010) specified that a high intensity pulmonary rehabilitation leads to 
muscle hypertrophy, which further improves neural recruitment patterns and increases 
muscle strength. However, the authors in the present study do acknowledge that, 
although participants in the high and low intensity groups did not differ significantly 
in relation to disease severity (as rated by the mMRC score and FEV1 values), there 
was a significant difference between the groups’ 6MWT scores at baseline. These 
results should therefore be treated with some caution.
The improvements in exercise tolerance described have a number of potential 
explanations. Researchers (Rejbi et al, 2010, Vogiatzis et al, 2010) have reported that 
COPD patients often have high levels of inactivity, tending to spend more time seated 
compared to healthy individuals, leading to gross muscle atrophy. COPD patients 
also experience a change in muscle morphology because of the increase in oxidative 
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stress, which reduces type 1 fibres and increases the percentage of type 2 fibres. 
This change may also lead to a decrease in exercise capacity, as well as chronic 
hypoxaemia (Rabinovich and Vilaro, 2010). High intensity pulmonary rehabilitation 
programmes are reported to reduce the proportion of type 2b fibres to the more 
oxidative type 2a fibres, which could play an important role in the adaptation of the 
muscle (Vogiatzis et al, 2010). This could explain why the high intensity participants 
in the present study experienced higher gains in exercise tolerance levels in a shorter 
period of time than low intensity participants.
Improvements in exercise tolerance also lead to improvements in dyspnoea 
measures, which were noted in the present study by the 8th week of pulmonary 
rehabilitation. By increasing their muscle strength and endurance, participants also 
might have experienced changes in lung volume regulation during exercise. This 
would lead to further changes in the muscular structure of the abdominal wall and 
diaphragm, making these participants more tolerant to exercise. This effect was 
reported in a study by Georgiadou et al (2007).
Dyspnoea scores
Throughout the pulmonary rehabilitation programme, both exercise intensity groups 
showed improvements in post-exertion dyspnoea scores, but this was only significant 
in the low intensity group of participants. Any reduction in dyspnoea scores will lead 
to a better performance during training. Pulmonary rehabilitation programmes are 
reported to improve dynamic hyperinflation and help to condition the respiratory and 
peripheral muscle tissue. This was demonstrated by Leupoldt et al (2008), who found 
a significant correlation in 6MWT and dyspnoea scores using the Borg scale. Also, 
both groups were provided with inspiratory muscle training throughout the 12-week 
programme which could have added further benefits to such changes. Petrovic et al 
(2012) reported an increase in exercise capacity, an improvement in breathlessness 
and a reduction in dynamic hyperinflation in patients with inspiratory muscle training, 
which helped to lift limitations caused by breathlessness and low exercise tolerance.
One possible reason for only the low intensity cohort of participants having 
statistically significant improvements in dyspnoea scores, despite the high intensity 
group experiencing far better outcomes in functional measures, might have been 
the intensity of the programme itself. High intensity exercise might have increased 
the degree of dynamic hyperinflation at the start of the programme as a result of the 
initial exertion these patients experienced in comparison to their normal functioning 
levels. For the low intensity group, the start of the programme was less strenuous and 
demanding on the respiratory system. In consequence of the high exercise demand, 
an increase in dynamic hyperinflation occurs because of the increase in inspiratory 
rate secondary to exercise, which decreases the time available to empty the lungs.
Quality of life measures
Improvements in health-related quality of life measures were also reported following 
the 12-week pulmonary rehabilitation programme, but only reached statistically 
significant improvements for the high intensity cohort of participants. The high intensity 
group showed a significant amelioration in the total score (P=0.018) throughout 
the programme and the impact domain (P=0.025) of this score on completion of 
the programme. Previous studies which investigated the effects of low intensity 
pulmonary rehabilitation (Takahashi et al, 2011; Kawagoshi et al, 2015) reported 
significant differences in health-related quality of life. This was related to better 
compliance because of the low intensity of the programme. Hu and Meek (2005) 
also related changes in health-related quality of life to reductions in dyspnoea scores 
during activities, as the latter resulted in increased functional capacity and decreased 
effort to carry out the required activity. This could change patients’ lifestyles, as the 
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activities that required a great effort before the intervention could be performed with 
less exertion. The metabolic equivalent values measured in this study could relate 
perfectly to the impact domain, with the high intensity group showing significant 
improvements (P=0.001) in metabolic equivalent values which express the energy 
cost of physical activities.
Compliance
In general, a low intensity pulmonary rehabilitation programme requires simple 
equipment and aids, making it easier for participants to perform independently, which 
in turn increases the compliance rates of the intervention (Takahashi et al, 2010). 
The present study demonstrates that patients following a low intensity programme 
will likely show significant improvements in the same outcome measures as those 
on a high intensity pulmonary rehabilitation programme, albeit at a slower rate. This 
is beneficial as some COPD patients cannot take part in high intensity programmes 
because of the severity of their condition. Moreover, because the programme is easier 
to implement at home, it can be integrated into the patients’ daily routine, which 
would further increase the benefits obtained in several of the outcome measures. 
This would in turn help to improve the quality of life of such patients and their 
ability to manage their condition effectively (Takahashi et al, 2010). Conversely, 
evidence-based studies have shown that any type of high intensity training, both 
interval and continuous, is beneficial as it produces greater physiological benefits 
(Varga et al, 2007). These benefits include improvement in functional capacity 
and muscular strength; increase in aerobic fitness, respiratory muscle function and 
efficiency of exercise; and reduced levels of fear and anxiety associated with activity 
(Andrianopoulos et al, 2014).
Limitations
A main limitation in this study pertains to the small sample size. It is therefore 
recommended by the authors that such findings are repeated with a larger sample 
size in order to analyse the trend identified, hence enabling generalisation.
CONCLUSIONS
This study evaluated the health-related quality of life, lung function and functionality 
in patients with COPD who participated in a low or high intensity pulmonary 
rehabilitation programme.
Improvements were observed throughout the study, mainly in functionality and 
health-related quality of life, in both groups. Meanwhile, lung function measures 
did not show any significant changes. In general, the results indicated that both low 
and high intensity pulmonary rehabilitation programmes can be beneficial to COPD 
patients. However, the high intensity group still experienced better improvements in 
outcomes when compared to the low intensity group. Most of the significant changes 
in the high intensity group were achieved by the 8th week, whereas the low intensity 
group required a further 4 weeks to reach a significant difference. High intensity 
pulmonary rehabilitation programmes may thus be more efficient in achieving results 
than low intensity pulmonary rehabilitation progammes.
The findings of the present study suggest a number of possible clinical implications. 
One relates to the significant improvements in outcome measures that were obtained 
in the low intensity intervention over a 12-week period. Such an intervention may be 
considered for severe COPD patients or for patients recovering from an exacerbation, 
who would be too weak and breathless to undertake the high intensity programme. The 
low intensity intervention may therefore serve as a means of enrolling more patients 
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into pulmonary rehabilitation, potentially obtaining improvements in functional 
outcomes and health-related quality of life. These, in turn, will lead to decreased 
use of medical services and possibly less admissions.
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